The development and delivery of new or improved products with competitive functional performance is currently receiving more attention in the process industry, and a more innovative strategy has proven to be successful even for process industries operating in mature markets (Leonard-Barton, 1992) . On the other hand it is also important in this type of industry to be cost-competitive, which depends on an efficient production process. Development of process technology is thus of great importance in a large number of production industries included in the category of process industry (Skinner, 1992) , and consequently often accounts for a fairly large share of company R&D expenditures. In times of everincreasing demands on company performance, the R&D organisation has to address this issue as well, because it is under pressure from shareholders' increasing attention to short-term profitability. Not only must R&D show that the invested money is giving good payback to the company and is increasing shareholder value, but it must also, like all other departments of the company, demonstrate improved development behaviour. As one executive phrased the question,``What bang do we get for the buck? '' (Robb, 1991) . It is easy to ask for improved R&D performance, but it is not so simple to find the road to follow.
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Measuring the performance of R&D is high on the agenda today for company executives and R&D managers (Burkhart, 1995) . In the urgent need to present performance measures for R&D, there is a risk in picking some standard measures of output and performance indicators used by others, without first reflecting on their use or whether they are actually relevant to this specific type of R&D. The R&D organisation might well be justified in taking a sceptical view of such an introduction of ad hoc measures of R&D performance. A more sensible approach is to start with the question``How can the performance of R&D be improved?'' The R&D organisation must first find out what factors affect its performance. The improvement process for the performance of R&D can thus be illustrated with the simplified work process presented in Figure 1 , by analogy with thè`p roductivity management process'' presented by Sink (1985) .
Is it possible to learn from the behaviour of other companies and academic management research, or must each company develop its own specific success factors, totally independent of external findings, in a never-ending iterative process of internal trial and error? The question is thus probably not so much whether it is possible to find success factors, but how contextually dependent those success factors are for different types of companies and for different types of R&D. Since specific success factors for process development have not been previously reported, the research question in this exploratory study is primarily what those success factors look like and, more specifically, whether they differ between process improvement and process innovation.
Success factors and performance measures for R&D
A short review of literature on R&D performance
Developing success factors for research and technical development and measuring R&D performance are important issues for management of technology, and there have consequently been numerous publications in this area, especially during the past two decades. A recent literature survey (Werner and Souder, 1997) 
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while quantitative-subjective measures let individuals with an intimate knowledge of R&D be the judges of what is successful. Another interesting classification of performance measures is presented by Shumann et al. (1995) , using a matrix to distinguish between end-of-process measurements and in-process measurements and also between internal measurements and external measurements. The importance of recognising the R&D function as a performance level, and of using it to close the gap of performance measurement between individual project level and company level, is discussed by Loch et al. (1998) . Measuring R&D performance or productivity, however, is not of much use to company management if it does not give a clear indication of how one is doing and how one could do better (Robb, 1991) . This emphasises the importance of relating measurement of R&D performance to R&D success factors.
In a study of success factors for product development (Cooper and Kleinschmidt, 1995) , it is recognised that success at project level does not necessarily mean success at company level; in other words, success factors at project level do not necessarily apply at company level. Their study presents critical success factors or drivers for good product development performance at company level. Results from the Product Development Management Association (PDMA) success measurement project for product development (Griffin and Page, 1996) indicate that product development success should not only be measured at project level and company level, but that the selected measures should depend on what type of product development projects are carried out.
The conclusion from a survey of publications on factors for success in R&D projects and product innovation (Balachandra and Friar, 1997) is that there is an abundance of success factors for R&D presented in the literature, but which of these are relevant in different development contexts is certainly not clear. They argue that a contextual framework to position R&D projects and related success factors is lacking, and they consider the notion of finding a single set of universal factors naive. Some studies advocate focus on success factors, while other stress the importance of output performance measures (Brown and Svenson, 1988) . The answer is more likely that the two activities complement each other in the performance improvement process for R&D.
A conceptual model of R&D
In these days of increasing cross-functional collaboration within companies, it is relevant to question whether the R&D department is still a suitable unit of analysis of company research and development. The R&D department delivers its output to the company's internal operating environment. However effective and efficient product and process development in the R&D department may be, the final outcome of R&D is nil unless that output is transformed into successful products on the market. This is further illustrated in Figure 2 .
Even if the R&D level sometimes is difficult to distinguish, R&D still has its own culture, strategy, specific project management skills and methodologies, distinguishable between project and company levels of analysis. Inherent in the concept of success factors is a notion that if success factors are implemented in the company, the company will be successful, or in other words, its performance will be improved. Success factors can thus be looked upon as individual independent variables influencing the dependent variable``success''.
We thus assume some sort of causal relationship between implemented success factors and improved performance in the company. In this study the R&D managers were asked to be the``judges'', using their intimate knowledge of company R&D history and performance, of which potential success factors correlated best with successful process development outcome. Not only the importance of understanding successful R&D behaviour, but also the difficulty of measuring the share of R&D in the outcome from development work and the time lag between the start of R&D activities and future economic payback, make it interesting to try to find relevant success factors. Using the terminology of automatic control engineering and with reference to Figure 1 , we introduce a feed-forward control of the R&D process instead of only feedback control.
Research strategy and methodology
How do we tap the dimension``successful behaviour in process development''? In the area of product development there are many studies that give interesting candidates for success factors, but not for process development. It was therefore decided to interview a selected number of R&D managers from eight different sectors of the process industry to obtain a list of potential success factors. The interviews were carried out in an interactive fashion and the respondents had previously been asked to select two completed process development projects, one``successful'' and one``not so successful''. The respondents were asked to present the two cases and during the presentation to try to pinpoint factors of importance for the outcome of the project. After completing the interviews, all potential success factors were written down on post-its and were structured in clusters using an affinity technique. The clusters were then labelled and clustered together, creating a hierarchy of potential success factors in a bottom-up fashion. A three-level hierarchy of potential success factors was created as a platform for the development of a questionnaire about potential success factors. The secondary level, with 25 potential success factors, was selected to keep the number of factors manageable, leaving the more explanatory bottom level for later complementary analysis. The respondents were asked to select the five most important success factors for process development out of the 25 proposed potential success factors, and then to rank the importance of the five selected factors. To find out whether the success factors were different for different types of process development, the respondents were asked to make this selection and ranking for three types of process development:``Process improvement'' (optimisation), an intermediate type of development here called`i ncremental development'', and``process innovation''. The questionnaire was sent out to 327 R&D managers in the European process industry (for the sample and the conduct of the survey, see the Appendix). The success factor ranked as number one was multiplied by five, the second by four and so on, for all five factors and each respondent. The weighted numbers for each factor were totalled, and the factor with the highest score was ranked number one.
Research results
All 25 potential success factors are presented in five groups (the highest hierarchic level) in Table I , and in the same order as they were presented to the respondents. The rankings of potential success factors for the three different types of process development are presented in the three columns on the right. The potential success factors are a mixture of success factors from different levels of R&D (see Figure 2) . Eight can be considered success factors at project level, the others at R&D or company level (factor numbers underlined). Since the ten highest ranked success factors for``incremental process development'' in the middle column are all included in the ten highest ranked factors in either the column for improvement or innovation, only success factors for process improvement and process innovation will be discussed in the further text.
Discussion of research results
Not all of the potential success factors for process development identified from the interviews in this study are necessarily 25 The development organisation has good knowledge of conditions in the industry and its external business environment
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Notes: A = process improvement (rank); B = incremental development (rank); C = process innovation (rank). The ten highest ranked for each type of process development are shown in italics. unique to process development: some of them are more in the nature of success factors for good project management (R&D project level). In the study by Cooper and Kleinschmidt (1995) , the selected success factors are more related to product strategy, the market and the product development process. Out of the 72 candidate success factors presented by Balachandra and Friar (1997) , success factors for product development are strongly market-oriented. There are no market-oriented factors in the list of potential success factors for process development in the present study. Many of them, on the other hand, can be identified as specifically focused on process development. Since specific success factors for process development have not been reported before in previous studies, the descriptive pattern of these potential success factors stands alone as new research results. The most striking result to emerge from the ranking of success factors is the difference between the rankings for process improvement and process innovation. Only four factors are ranked among the top ten for both these types of process development, and the rankings are very different for two of them. Only one of the five top-ranked success factors is the same for process improvement and process innovation. Three of the topranked success factors for process innovation are in the external environment group, while three of the success factors for process improvement are in the internal environment group. The highest-ranked success factor for process improvement is`W ell formulated and measurable project objectives'', while the highest-ranked factor for process innovation is``The company has a stimulating climate for process development work''. The second highest ranked success factor for process improvement is``Changes in the production process resulting from successful process development work are fully accepted by the production organisation'', while the second highest ranked success factor for process innovation is``The development organisation is good at generating new ideas and formulating interesting new process development projects''. The results from the rankings for different types of process development clearly show that success factors for process improvement and process innovation are different. Good project management is of great importance in process improvement, which is often a plannable and optimisationoriented activity, and the ranking of success factors clearly reflects this. It is also reasonable to assume that well-functioning communications with the production organisation are more important for process improvements than for process innovation, where the working climate and strong potential to generate new ideas are likely to be of greater importance. The difference in ranking between process improvement and process innovation thus seems well related to the difference in character between the different types of process development work.
The difference between success factors for process improvement and process innovation thus indicates that there is a need to better distinguish between process development work of different nature and content, and a need for a better classification of process development projects. It is evident from the results that simply listing success factors is of little use unless a ranking or rating figure is assigned to each individual factor. The findings in this study thus agree well with the framework presented by Balachandra and Friar (1997) , giving relative importance to different success factors as a consequence of the contextual environment for the R&D project.
The construct validity in this study must be considered high because the respondents were professionals in this area and the questionnaires were satisfactorily completed, with few question marks or missing data from the respondents. In view of the internal validity and the respondents' ability to correlate the potential success factors to process development success, it is difficult to find more capable respondents for this task. The high response rate and share of Swedish process industries (the participation of some sectors can be called a census) gives a high validity for the Swedish process industry, but rather poor for the European process industry.
Implications for industry and further research
In this study, 25 potential success factors for process development in the process industry have been identified. For R&D managers in the process industry, those success factors can be used as a``shopping list'' for the development of a company-specific list of success factors for process development.
Going back to the research question of how specific success factors are to different companies and to different types of process development, the results from this study show that there is a need to distinguish between success factors for process improvement and for process innovation. A more general classification and typology of success factors for R&D is needed, and could be developed on the lines of the typology for competencies presented by Nordhaug (1992) . In this typology company competencies are classified as to the degree to which they are task-specific, firm-specific and industryspecific.
Conclusion
The results indicate that success factors for process development are not the same as those for product development. The rankings further show a clear difference between success factors for process improvement and for process innovation. This difference suggests that there is a need to better distinguish between process development work of different nature and content, as well as a need for a better classification of process development projects.
Appendix. The sample and the survey

The sample
The total Swedish sample is 109 companies. A fairly large number of industries from other Nordic countries were also selected (Norway, Finland and Denmark). Total sample of Nordic countries other than Sweden: 80 companies. From the rest of Europe we selected a smaller sample of industries (Germany, the United Kingdom, France, The Netherlands, Belgium, Italy, Austria and Switzerland). Total sample of European countries other than Nordic countries: 148.
Industries from different sectors have been clustered together, and the number of companies in each sector is given after the NACE code (NACE, 1996) 
Conduct of the survey
The questionnaire was sent out to R&D managers in the companies concerned. All questionnaires were sent to a specific person whom we had identified as the right respondent in the organisation. The Swedish 
